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ELECTRIC POWERED VEHICLE AND
CONTROL METHOD FOR ELECTRIC
POWERED VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This nonprovisional application claims priority to Japa-
nese Patent Application 2018-013545 filed on Jan. 30, 2018
with the Japan Patent Oflice, the entire contents of which are
hereby incorporated by reference.

BACKGROUND
Field

The present disclosure relates to an electric powered
vehicle and a control method for an electric powered
vehicle, and relates more specifically to a control technique
of inhibiting high-rate deterioration occurring 1n a secondary
battery mounted on an electric powered vehicle.

Description of the Background Art

When the salt concentration 1n an electrolytic solution of
a secondary battery becomes non-uniform as the secondary
battery 1s charged with electric power or electric power 1s
discharged from the secondary battery, the internal resis-
tance of the secondary battery increases. Such an increase in
the mternal resistance due to the non-umiform salt concen-
tration 1s referred to as, for example, “high-rate deteriora-
tion”, 1n distinction from aged deterioration of a material
forming the secondary battery.

Japanese Patent Laying-Open No. 2013-106481 discloses
that when high-rate deterioration occurs in a secondary
battery mounted on a hybrid vehicle, a target SOC 1ndicating,
a control target of a state of charge (SOC) of the secondary
battery 1s made higher than a target SOC at the normal time
(when there 1s no high-rate deterioration), 1n order to ensure
a constant battery output and a constant travelling distance.

In the vehicle disclosed 1n the above-described publica-
tion, when the SOC of the secondary battery 1s higher than
the target SOC, motor travelling (hereinaiter, referred to as
“BEV travelling”) using electric power stored in the second-
ary battery 1s basically performed until the SOC decreases to
the target SOC. Then, when the SOC decreases to the target
SOC, hybnid travelling (hereinatter, also referred to as “HV
travelling™”) 1n which the vehicle travels while controlling
the SOC to the target SOC by operating an electric power
generation mechanism icluding an engine and the like as
appropriate 1s performed.

If the target SOC of the secondary battery 1s made higher
than the target SOC at the normal time without any excep-
tion when the high-rate deterioration occurs in such a
vehicle, a distance over which the EV travelling 1s possible
can become shorter unnecessarily, or the EV travelling can
become 1mpossible.

SUMMARY

The present disclosure has been made to solve the above-
described problem, and an object of the present disclosure 1s
to provide an electric powered vehicle having a secondary
battery mounted thereon, in which high-rate deterioration of
the secondary battery 1s inlibited and a decrease in EV
travelling distance 1s ihibited.
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2

An electric powered vehicle according to the present
disclosure 1ncludes: a vehicle drive apparatus configured to
generate vehicle drive power by receiving electric power
and to generate electric power; a secondary battery config-
ured to exchange electric power with the vehicle drive
apparatus; and a controller. The controller 1s configured to
switch a control mode to an HV mode when an SOC of the
secondary battery decreases to a lower limit during an EV
mode, the HV mode being a mode mm which the SOC 1s
controlled to the lower limit, the EV mode being a mode 1n
which the SOC i1s consumed. The controller 1s further
configured to calculate an evaluation value (ED) indicating
a degree of deterioration (high-rate deterioration) of the
secondary battery due to non-uniformity in salt concentra-
tion i the secondary battery. The controller 1s further
configured to execute deterioration 1nhibiting control (high-
rate deterioration inhibiting control) when the HV mode 1s
selected and when the secondary battery 1s evaluated as
deteriorating based on the evaluation value (ED), the dete-
rioration inhibiting control being control for increasing the
SOC by making a control target of the SOC higher than the
lower limit of the SOC. The controller i1s further configured
not to execute the deterioration inhibiting control when the
EV mode 1s selected.

A control method according to the present disclosure 1s a
control method for an electric powered vehicle. The electric
powered vehicle includes: a vehicle drive apparatus config-
ured to generate vehicle drive power by receiving electric
power and to generate electric power; and a secondary
battery configured to exchange electric power with the
vehicle drive apparatus. The electric powered vehicle 1s
configured to switch a control mode to an HV mode when
an SOC of the secondary battery decreases to a lower limait
during an EV mode, the HV mode being a mode 1n which the
SOC 1s controlled to the lower limit, the EV mode being a
mode 1 which the SOC i1s consumed. The control method
includes: calculating an evaluation value (ED) indicating a
degree of deterioration (high-rate deterioration) of the sec-
ondary battery due to non-uniformity 1n salt concentration 1n
the secondary battery; and executing deterioration inhibiting
control (high-rate deterioration inhibiting control) when the
HV mode 1s selected and when the secondary battery 1is
evaluated as deteriorating based on the evaluation value
(2D), the deterioration inhibiting control being control for
increasing the SOC by making a control target of the SOC
higher than the lower limit of the SOC. The deterioration
inhibiting control 1s not executed when the EV mode 1s
selected.

The high-rate deterioration has the property ol being
accelerated when the secondary battery 1s used in a low-
SOC range. This 1s because 1n the low-SOC range, expan-
s1on and contraction of the negative electrode of the battery
become large and an electrolytic solution 1n a battery cell 1s
more easily pushed out, and thus, the salt concentration 1n a
battery cell surface more easily becomes non-uniform. In the
clectric powered vehicle and the control method according
to the present disclosure, the deterioration inhibiting control
(high-rate deterioration inhibiting control) for increasing the
SOC by making the control target of the SOC higher than the
lower limit of the SOC 1s executed when the HV mode 1n
which the SOC 1s controlled to the lower limit 1s currently
selected and when the secondary battery 1s evaluated as
deteriorating based on the evaluation value (D). This
makes 1t possible to inhibit acceleration of the high-rate
deterioration due to the SOC controlled to the lower limit.

The high-rate deterioration also has the property of being
accelerated particularly when an electric current 1n a charg-
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ing direction flows in the low-SOC range. The high-rate
deterioration caused by the flow of the electric current 1n the
charging direction turns toward recovery when an electric
current 1n a discharging direction tlows continuously. In the
clectric powered vehicle and the control method according
to the present disclosure, when the EV mode 1s currently
selected, the deterioration inhibiting control (high-rate dete-
rioration inhibiting control) 1s not executed even 1f the
evaluation value (D) reaches a threshold value. In the EV
mode 1n which the SOC 1s consumed, the ratio of discharg-
ing 1s greater than charging, and thus, recovery of the
high-rate deterioration can be expected as a result of con-
tinuous discharging. Since the deterioration inhibiting con-
trol 1s not executed, the EV travelling 1s possible until the
SOC reaches the lower limit, and thus, the EV travelling
distance can be ensured.

As described above, 1n the electric powered vehicle and
the control method according to the present disclosure, the
high-rate deterioration of the secondary battery can be
inhibited and a decrease 1n EV travelling distance can be
inhibited.

The case 1n which the HV mode 1s currently selected and
the secondary battery 1s evaluated as deteriorating based on
the evaluation value (2D) includes a case in which the
secondary battery 1s evaluated as deteriorating based on the
evaluation value when the HV mode i1s currently selected,
and a case 1n which the control mode 1s switched from the
EV mode to the HV mode when the secondary battery is
evaluated as deteriorating based on the evaluation value.

The controller may be configured to further switch the
control mode to an HVS mode in which the SOC is
maintained higher than the lower limit 1n accordance with a
user’s request. The controller may be configured not to
execute the deterioration mnhibiting control when the HVS
mode 1s selected.

When the HVS mode 1s currently selected, the SOC 1s
maintained higher than the lower limit, and thus, progress of
the high-rate deterioration 1s inhibited. In addition, when the
HVS mode 1s selected, 1t 1s conceivable to ensure the SOC
to make the subsequent EV travelling possible. However, 1
the deterioration inhibiting control 1s executed and the
control target of the SOC 1s raised in this case, the EV
travelling distance can become shorter, or the EV travelling
can become i1mpossible. Accordingly, the deterioration
inhibiting control 1s not executed when the HVS mode 1s
currently selected. This makes 1t possible to inhibit progress
of the high-rate deterioration and ensure the EV travelling
distance.

The electric powered vehicle may further include a charg-
ing device configured to charge the secondary battery by a
power source external to the vehicle. When charging of the
secondary battery using the charging device (hereinafter,
also referred to as “‘external charging™) 1s executed, the
controller may be configured to end the deterioration inhib-
iting control 1f the deterioration inhibiting control 1s 1n
execution.

When external charging 1s executed, the user expects that
a sullicient EV travelling distance 1s ensured. However, if
the deterioration inhibiting control 1s 1n execution (contin-
ued), the control target of the SOC 1s high and thus the EV
travelling distance becomes short. In addition, when a
difference between the SOC and the control target of the
SOC 1s displayed to the user, the user can have an uncom-
fortable feeling that an amount of stored electric power 1s
msuilicient in spite of execution of external charging.
Accordingly, when external charging 1s executed, the dete-
rioration inhibiting control 1s ended. This makes 1t possible
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to ensure the EV travelling distance after external charging
and 1nhibit the user’s uncomiortable feeling about display of
a remaining amount of the SOC.

When celectric power generation by the vehicle drive
apparatus continues for a prescribed time period, the con-
troller may be configured to end the deterioration inhibiting
control 1f the deterioration inhibiting control 1s 1n execution.

When celectric power generation by the vehicle drive
apparatus continues, such as, for example, when travelling
on a downhill slope continues, the user expects that a
suflicient amount of electric power 1s recovered and a
suflicient EV travelling distance 1s ensured. However, 11 the
deterioration inhibiting control i1s 1n execution (continued),
the EV travelling distance can become shorter, and the user
can have an uncomiortable feeling about display of the
remaining amount of the SOC described above, similarly to
the above-described case of external charging. Accordingly,
when electric power generation by the vehicle drive appa-
ratus continues for the prescribed time period, the deterio-
ration inhibiting control 1s ended. This makes 1t possible to
ensure the EV travelling distance, for example, after trav-
clling on a downhill slope continues, and 1inhibit the user’s
uncomiortable feeling about display of the remaiming
amount of the SOC.

The foregoing and other objects, features, aspects and
advantages of the present disclosure will become more
apparent ifrom the following detailed description of the
present disclosure when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating the overall configu-
ration of a hybrid vehicle, which 1s an example of an electric
powered vehicle according to an embodiment of the present
disclosure.

FIG. 2 1s a graph illustrating an example of transition of
an SOC of a battery.

FIG. 3 1s a graph 1illustrating the relationship between the
SOC and the requested charging power.

FIG. 4 1s a graph 1llustrating an example of the relation-
ship between an evaluation value of high-rate deterioration
and an SOC target.

FIG. 5 1s a functional block diagram of an ECU 1illustrated
in FIG. 1.

FIG. 6 1s a flowchart illustrating an example of the process
procedure ol high-rate deterioration inhibiting control
executed by the ECU.

FIG. 7 1s a flowchart 1llustrating an example of determi-
nation as to whether or not to end the high-rate deterioration
inhibiting control.

DESCRIPTION OF TH

(Ll

EMBODIMENTS

Hereinatter, an embodiment of the present disclosure will
be described 1n detail with reference to the drawings. Note
that the same or equivalent elements 1n the drawings will be
denoted by the same reference symbols, and the description
thereof will not be repeated.

FIG. 1 1s a block diagram 1llustrating the overall configu-
ration of a hybrid vehicle, which 1s an example of an electric
powered vehicle according to an embodiment of the present
disclosure. Referring to FIG. 1, a hybrid vehicle 100
includes a vehicle drive apparatus 22, a transmission gear 8,
a drive shait 12, wheels 14, a battery 16, and an electronic
control unit (ECU) 26. Hybrid vehicle 100 further includes

a charger 28 and a connection device 30.
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Vehicle drive apparatus 22 1s configured to generate
vehicle dnive power and also 1s able to generate electric
power. Specifically, vehicle drive apparatus 22 includes an
engine 2, a power split device 4, motor generators 6 and 10,
and electric power converters 18 and 20.

Engine 2 1s an internal combustion engine that outputs
motive power by converting thermal energy produced by
tuel combustion 1nto kinetic energy of a motion device, such
as a piston or a rotor. As the fuel for engine 2, a hydrocarbon
tuel, such as gasoline, light o1l, ethanol, or natural gas; or a
liguid or gas hydrogen fuel may be employed.

Each of motor generators 6 and 10 1s an alternating-
current (AC) rotating electric machine, for example, a
three-phase alternating current (AC) synchronous electric
motor 1n which permanent magnets are embedded 1n a rotor.
Motor generator 6 1s used as an electric generator that 1s
driven by engine 2 via power split device 4, and used also
as an electric motor for starting engine 2. Motor generator 10
operates mainly as an electric motor, and drives drive shaft
12. When brakes are applied to hybrid vehicle 100 or when
hybrid vehicle 100 travels on a downhill slope, motor
generator 10 operates as an electric generator to perform
regenerative power generation.

Power split device 4 includes a planetary gear mechanism
having three rotary shafts of, for example, a sun gear, a
carrier, and a ring gear. Power split device 4 splits the drive
power generated by engine 2 into motive power to be
transmitted to a rotary shait of motor generator 6 and motive
power to be transmitted to transmission gear 8. Transmission
gear 8 1s coupled to drive shaft 12 for driving wheels 14.
Transmission gear 8 1s also coupled to a rotary shait of motor
generator 10.

Battery 16 1s a rechargeable secondary battery, for
example, a secondary battery, such as a nickel-metal-hydride
battery or a lithium-ion battery. Battery 16 supplies electric
power to electric power converters 18 and 20. Durning
clectric power generation by motor generator 6 and/or motor
generator 10, battery 16 1s charged with the generated
clectric power. Furthermore, battery 16 can be charged with
clectric power supplied from a power source (not illustrated)
external to hybrid vehicle 100 through connection device 30.
A current sensor 24 detects an electric current I that 1s input
into battery 16 or output from battery 16 (detects electric
current I output from battery 16 (discharging current) as a
positive value, and detects electric current I 1put into
battery 16 (charging current) as a negative value), and
outputs the detected value to ECU 26.

The remaining capacity of battery 16 1s indicated by, for
example, a state of charge (SOC), which 1s a percentage of
the amount of electric power presently stored in battery 16
with respect to the fully charged state of battery 16. The
SOC 1s calculated based on, for example, a detected value
obtained by current sensor 24 and/or a detected value
obtained by a voltage sensor (not illustrated). The SOC may
be calculated by ECU 26 or by another ECU provided for
battery 16.

Electric power converter 18 performs bidirectional DC-
AC power conversion between motor generator 6 and bat-
tery 16, based on a control signal received from ECU 26.
Similarly, electric power converter 20 performs bidirectional
DC-AC power conversion between motor generator 10 and
battery 16, based on a control signal recerved from ECU 26.
Thus, when receiving electric power from battery 16 or
supplying electric power to battery 16, each of motor
generators 6 and 10 can output a positive torque for opera-
tion as an electric motor or output a negative torque for
operation as an electric generator. Electric power converters
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18 and 20 are, for example, inverters. A boost converter for
DC voltage conversion may be disposed between battery 16
and electric power converters 18 and 20.

Charger 28 converts the electric power supplied from the
power source external to hybrid vehicle 100 that 1s electri-
cally connected to connection device 30 into electric power
having a voltage level of battery 16, and outputs the electric
power to battery 16 (hereinatter, the power source external
to hybrid vehicle 100 will also be referred to as “external

power source” and charging of battery 16 by the external
power source will also be referred to as “external charging™).
Charger 28 1s configured to include, for example, a rectifier
and an inverter. A method of receiving the electric power
from the external power source 1s not limited to contact
clectric power reception using connection device 30, and the
clectric power may be wirelessly received from the external
power source by using an electric power reception coil and
the like, instead of connection device 30.

ECU 26 includes, for example, a central processing unit
(CPU), memory devices, and an input-output builer (none of
which are illustrated), and executes various controls of
devices 1in hybrid vehicle 100. Note that these controls may
be executed by not only software processing but also pro-
cessing by dedicated hardware (electronic circuit).

In the main control executed by ECU 26, ECU 26
calculates a vehicle drive torque (requested value) based on
a vehicle speed and an accelerator position corresponding to
the operation degree of an accelerator pedal, and calculates
vehicle drive power (requested value) based on the calcu-
lated vehicle drive torque. In addition, ECU 26 further
calculates requested charging power for battery 16 based on
the SOC of battery 16, and controls vehicle drive apparatus
22 such that vehicle drive apparatus 22 generates power
(heremaftter, referred to as “vehicle power”) that corresponds
to the sum of the vehicle drive power and the requested
charging power.

When the vehicle power 1s low, ECU 26 controls vehicle
drive apparatus 22 such that engine 2 1s stopped and hybrd
vehicle 100 travels using only motor generator 10 as a drive
source (EV travelling). This causes battery 16 to discharge
the electric power, so that the SOC of battery 16 1s reduced.
When the vehicle power 1s increased, ECU 26 controls
vehicle drive apparatus 22 such that engine 2 1s operated to
cause hybrid vehicle 100 to travel (HV travelling). In this
case, when the output from engine 2 1s higher than the
vehicle power, battery 16 1s charged with the electric power,

whereas when the vehicle power i1s higher than the output
from engine 2, the electric power 1s discharged from battery

16.

ECU 26 controls travelling of hybrid vehicle 100 by
selectively applying a mode of actively consuming the SOC
of battery 16 by mainly performing the EV travelling while
permitting the HV travelling (EV mode), and a mode of
maintaining the SOC by switching between the HV travel-
ling and the EV travelling as appropriate. The latter mode
includes a mode of maintaining the SOC at a prescribed
lower limit when the SOC decreases to the lower limit (HV
mode), and a mode of maintaining the SOC higher than the
lower limit in accordance with a user’s request. Each mode
will be described later in detail.

In addition, ECU 26 controls charger 28 such that charger
28 converts the electric power supplied from the external
power source electrically connected to connection device 30
into electric power having a voltage level of battery 16, and
outputs the electric power to battery 16, during execution of
external charging.
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Furthermore, ECU 26 calculates an evaluation value 2D
indicating the degree of deterioration (high-rate deteriora-
tion) of battery 16 due to continuous non-uniformity in the
salt concentration in battery 16 due to charging or discharg-
ing of battery 16. A method of calculating the evaluation
value (ZD) will be described later 1n detail. The evaluation
value takes a negative value when the salt concentration
becomes non-uniform because battery 16 1s used so as to be
charged excessively, whereas takes a positive value when
the salt concentration becomes non-uniform because battery
16 1s used so as to be discharged excessively.

The high-rate deterioration has the property of being
accelerated when the battery 1s used 1n a low-SOC range.
This 1s because in the low-SOC range, expansion and
contraction of the negative electrode of the battery become
large and an electrolytic solution 1n a battery cell 1s more
casily pushed out, and thus, the salt concentration 1 a
battery cell surface more easily becomes non-uniform.
Accordingly, 1t 1s concervable to increase the SOC by raising,
a control target of the SOC when the high-rate deterioration
1s evaluated as progressing based on the evaluation value
(ZD) (hereinaiter, such SOC control will be referred to as
“high-rate deterioration inhibiting control”).

However, if the high-rate deterioration inhibiting control
1s executed without any exception and the control target of
the SOC 1s thereby raised when the high-rate deterioration 1s
ecvaluated as progressing, a distance over which the EV
travelling 1s possible can become shorter unnecessarily, or
the EV travelling can become impossible.

The high-rate deterioration also has the property of being
accelerated particularly when an electric current 1n a charg-
ing direction flows in the low-SOC range. The high-rate
deterioration caused by the flow of the electric current 1n the
charging direction turns toward recovery when an electric
current 1n a discharging direction flows continuously.

Accordingly, 1 the present embodiment, ECU 26
executes the high-rate deterioration inhibiting control when
the HV mode 1s currently selected and when the high-rate
deterioration 1s evaluated as progressing based on the evalu-
ation value (ZD) (e.g., when the evaluation value 1s smaller
than a threshold value). On the other hand, ECU 26 does not
execute the high-rate deterioration inhibiting control when
the EV mode 1s currently selected.

As a result, when the HV mode in which the high-rate
deterioration 1s more easily accelerated due to the SOC
controlled to the lower limit 1s currently selected, the high-
rate deterioration can be eflectively mhibited. On the other
hand, 1n the EV mode 1n which the SOC i1s consumed, the
ratio of discharging 1s greater than charging, and thus,
recovery of the high-rate deterioration can be expected as a
result of continuous discharging. Accordingly, the high-rate
deterioration inhibiting control 1s not executed when the EV
mode 1s currently selected. As a result, recovery of the
high-rate deterioration can be achieved, and the EV travel-
ling 1s possible until the SOC reaches the lower limit and
thus the EV travelling distance can be ensured.

FIG. 2 1s a graph illustrating an example of transition of
the SOC of battery 16. Referring to FIG. 2, after battery 16
reaches the fully charged state (SOC=MAX) as a result of
external charging, travelling in the EV mode 1s started at
time t0.

The EV mode 1s a mode 1 which the SOC of battery 16
1s actively consumed, and basically, the electric power
stored 1n battery 16 (mainly, electric energy generated by
external charging) 1s consumed. During travelling in the EV
mode, engine 2 does not operate for the purpose of main-
taining the SOC. Specifically, the requested charging power
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of battery 16 1s, for example, set to zero during the EV mode.
As a result, although the SOC 1increases temporarily due to
the regenerative electric power recovered, such as during
deceleration of hybrid vehicle 100, and the electric power
generated with operation of engine 2, the ratio of discharg-
ing 1s relatively greater than charging, and on the whole, the
SOC decreases with an increase 1n travelling distance.

Even 1n the EV mode, engine 2 operates when the vehicle
power (vehicle drive power) exceeds an engine startup
threshold value. Even when the vehicle power does not
exceed the engine startup threshold value, operation of
engine 2 may be permitted in some cases, such as during
warm-up ol engine 2 and an exhaust catalyst. That 1s, even
in the EV mode, the EV travelling and the HV travelling are
possible. Such EV mode may also be referred to as “CD
(Charge Depleting) mode”™.

When the SOC decreases to a lower limit SL at time (3,
the control mode 1s switched from the EV mode to the HV
mode (the HVS mode from time t1 to time 12 will be
described below). The HV mode 1s a mode in which the SOC
1s controlled (maintained) to lower limit SL. Specifically,
engine 2 operates (HV travelling) when the SOC falls below
lower limit SL, and engine 2 stops (EV travelling) when the
SOC increases. In this way, in the HV mode, engine 2
operates for the purpose of maintaining the SOC.

Even 1n the HV mode, engine 2 stops when the SOC
becomes high. That 1s, the HV mode 1s not limited to the HV
travelling 1n which hybrid vehicle 100 travels with engine 2
operating constantly. Even in the HV mode, the EV travel-
ling and the HV travelling are possible.

The HVS mode 1s a mode 1 which the SOC 1s maintained
higher than lower limit SL in accordance with a user’s
request. In this example, the user’s request 1s made at time
t1, and until time t2 at which the request 1s canceled, the
SOC 1s controlled (maintained) to a value SC1 (SC1>SL) at
the time of the user’s request. The request for transition to
the HVS mode and cancellation of the request are, for
example, input by the user through an operation device (not
illustrated) that can be operated by the user.

In the HVS mode, engine 2 operates (HV travelling) when
the SOC falls below value SC1, and engine 2 stops (EV
travelling) when the SOC increases. In this way, 1n the HV'S
mode as well, engine 2 operates for the purpose of main-
taining the SOC. The HV mode and the HVS mode 1n which
the SOC 1s maintained may also be collectively referred to
as “CS (Charge Sustain) mode”.

Even 1in the HVS mode, engine 2 stops when the SOC
becomes high, similarly to the HV mode. That 1s, the HVS
mode 1s not limited, either, to the HV travelling in which
hybrid vehicle 100 travels with engine 2 operating con-
stantly. Even 1n the HVS mode, the EV travelling and the
HV travelling are possible.

In some embodiments, the engine startup threshold value
in the EV mode 1s set to be larger than an engine startup
threshold value 1n the HV mode and the HVS mode. That 1s,
a range of the EV travelling of hybrid vehicle 100 1n the EV
mode 1s larger than a range of the EV travelling of hybnd
vehicle 100 1n the HV mode and the HVS mode. Thus, 1n the
EV mode, the frequency of startup of engine 2 can be further
inhibited and the opportunity for the EV travelling can be
turther expanded.

In the HV mode and the HVS mode 1n which the SOC 1s
maintained, the requested charging power of battery 16 1s
calculated based on the SOC of battery 16. For example, as
illustrated in FIG. 3, the requested charging and discharging
power of battery 16 1s determined based on a difference
between the SOC (calculation value) and a control target SC
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(lower limit SL 1n the HV mode, and value SC1 1n the HVS
mode). Vehicle drive apparatus 22 1s controlled to generate
the power (vehicle power) that corresponds to the sum of the
vehicle drive power and the requested charging power. As a
result, the SOC 1s controlled to be close to lower limit SL 1in
the HV mode, and the SOC 1s controlled to be close to value
SC1 1 the HVS mode.

When the high-rate deterioration 1s evaluated as progress-
ing based on the evaluation value (2D) of the high-rate
deterioration at time t4 while the HV mode 1s currently
selected, the high-rate deterioration inhibiting control 1s
executed and the control target of the SOC 1s raised from
lower limit SL to a prescribed value SC2 (SC2>SL). As one
example, lower limit SL 1s set to approximately 20% of the
SOC, whereas prescribed value SC2 1s set to approximately
50% of the SOC.

FIG. 4 1s a graph illustrating an example of the relation-
ship between the evaluation value (D) of the high-rate
deterioration and the SOC target. Referring to FIG. 4, when
the evaluation value (ZD) increases as a negative Value and
the evaluation value (D) reaches a threshold value SDth
(negative value) at time t11 while the HV mode 1s currently
selected, the control target (target SC 1 FIG. 3) of the SOC
1s raised from lower limit SL to value SC2. As a result, the
rate of increase 1n evaluation value (D) (increase 1n the
negative direction) 1s inhibited. Although not particularly
illustrated, the SOC target may be raised in a stepwise
manner 1n accordance with the increase 1n evaluation value
(ZD) (increase in the negative direction).

Referring again to FIG. 2, external charging 1s started at
time t5, and the SOC increases. When battery 16 reaches the
tully charged state (SOC=MAX) at time t6, external charg-
ing ends. In the present embodiment, when external charg-
ing 1s executed, the high-rate deterioration 1nhibiting control
1s ended 1f the control 1s 1n execution. That 1s, when external
charging 1s executed during execution of the high-rate
deterioration 1nhibiting control, the high-rate deterioration
inhibiting control 1s ended regardless of the evaluation value
(D) (even if the evaluation value has reached threshold
value SDth).

When external charging 1s executed, the user expects that

a sullicient EV travelling distance 1s ensured. However, if

the high-rate deterioration inhibiting control 1s 1n execution
(continued), the control target of the SOC 1s high, and thus,
the EV travelling distance can become shorter, and the user
can have an uncomiortable feeling that the amount of stored
clectric power 1s insuilicient when a difference between the
SOC and the control target of the SOC (value SC2 when the
high-rate deterioration inhibiting control i1s 1n execution) 1s
displayed as the remaining amount of the SOC. Accordingly,
in the present embodiment, when external charging 1is
executed, the high-rate deterioration inhibiting control is
ended as described above. As a result, the EV travelling
distance after external charging 1s ensured and the user’s
uncomiortable feeling about display of the remaining
amount of the SOC 1s 1nhibited.

At time t7, external charging ends, the high-rate deterio-
ration inhibiting control 1s not in execution, and the EV
mode 1s selected. Thus, the EV ftravelling distance after
external charging i1s ensured, and recovery of the high-rate
deterioration 1s expected as a result of the continuously
performed EV travelling.

In the present embodiment, even if the evaluation value
(D) reaches threshold value SDth (negative value) when
the HVS mode 1s currently selected, the high-rate deterio-
ration inhibiting control 1s not executed. When the HVS

mode 1s currently selected, the SOC 1s maintained higher
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than lower limit SL, and thus, progress of the high-rate
deterioration 1s inhibited. In addition, the HVS mode may be
selected, for example, when 1t 1s desirable to ensure the SOC
to make the subsequent EV travelling possible. If the high-
rate deterioration inhibiting control 1s 1n execution 1n such a
case, the control target of the SOC 1s high, and thus, the EV
travelling distance can become shorter, or the EV travelling
can become 1mpossible. Accordingly, as described above, 1n
the present embodiment, when the HVS mode 1s currently
selected, the high-rate deterioration inhibiting control 1s not

executed.
FIG. 5 1s a functional block diagram of ECU 26 illustrated

in FIG. 1. Referring to FIG. 5, ECU 26 includes an SOC
calculation unit 52, a damage quantity calculation unit 54, an
evaluation value calculation unit 56, a storage unit 58, a
determination unit 60, an SOC control unit 62, a mode
control unit 64, a travelling control unit 66, and an external
charging control unit 68.

SOC calculation unit 52 calculates the SOC of battery 16
based on electric current I of battery 16 that 1s detected by
current sensor 24 (FIG. 1) and/or the voltage of battery 16
that 1s detected by a voltage sensor (not 1llustrated). Various
known methods such as a method using an integrated value
of electric currents I and a method using an OCV-SOC curve
indicating the relationship between an open circuit voltage
(OCYV) of battery 16 and the SOC of battery 16 may be used
as a concrete method of calculating the SOC.

Damage quantity calculation unit 54 calculates a damage
quantity D of battery 16 due to non-umiformity in the salt
concentration in battery 16, based on electric current I that
1s input 1nto battery 16 or that 1s output from battery 16 and
the time of application of electric current I. Damage quantity
D 1s calculated 1n a prescribed cycle At based on, for
example, Expression (1) indicated below.

DIN=D(N-1)=axAtxD(N=11+(B/C)xIxAt (1)

In Expression (1), D(N) denotes a present calculation
value of damage quantity D, and D(N-1) denotes an imme-
diately preceding calculation value of damage quantity D
that 1s calculated cycle At before the present calculation.
D(N-1) 1s stored 1n storage unit 58 at the time of 1immedi-
ately preceding calculation, and read from storage unit 58 at
the time of present calculation.

The second term on the right side 1n Expression (1), that
15, axAtxD(N-1), 1s a reduction term of damage quantity D,
and indicates a component when the degree of non-unifor-
mity in the salt concentration is reduced, a 1s a forgettmg
coellicient, and 1s a coellicient corresponding to the diffusion
velocity of 1ons 1n the electrolytic solution of battery 16.
Forgetting coeflicient o becomes larger as the diffusion
velocity becomes higher. The value of axAt 1s set so as to
be within a range from O to 1. The reduction term of damage
quantity D takes a larger value as forgetting coeflicient o 1s
larger (1.e., as the diflusion velocity of 10ns 1s higher), or as
cycle At 1s longer.

Forgetting coeflicient a depends on the SOC of battery 16
or the temperature of battery 16. The correlation between
forgetting coeflicient ¢, and the SOC and temperature of
battery 16 1s obtained 1n advance by, for example, experi-
ments, and stored in storage unit 8. Then, forgetting coet-
ficient a 1s set based on the SOC and temperature of battery
16 at the time of calculation. For example, when the tem-
perature of battery 16 1s constant, forgetting coetlicient ¢. 1s
set to a larger value as the SOC of battery 16 1s higher,
whereas when the SOC of battery 16 1s constant, forgetting
coellicient a 1s set to a larger value as the temperature of

battery 16 1s higher.
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The third term on the right side 1n Expression (1), that 1s,
(p/C)xIxAt, 1s an 1ncrease term of damage quantity D, and
indicates a component when the non-umformity 1n the salt
concentration occurs. [ 1s a current coeflicient, and C
denotes a limit threshold. The increase term of damage
quantity D takes a larger value as electric current I 1s higher,
or as cycle At 1s longer.

Current coeflicient 3 and limit threshold C depend on the
SOC of battery 16 and the temperature of battery 16. The
correlation between each of current coeflicient § and limat
threshold C, and the SOC and temperature of battery 16 1s
obtained in advance by, for example, experiments, and
stored 1n storage unit 58. Then, current coetlicient 3 and
limit threshold C are set based on the SOC and temperature
of battery 16 at the time of calculation. For example, when
the temperature of battery 16 1s constant, limit threshold C
1s set to a larger value as the SOC of battery 16 1s higher,
whereas when the SOC of battery 16 1s constant, limit
threshold C 1s set to a larger value as the temperature of
battery 16 1s higher.

As described above, the occurrence of non-umiformity 1n
the salt concentration and reduction in the degree of non-
uniformity 1n the salt concentration are expressed respec-
tively by the above-described increase term and reduction
term, and present damage quantity D 1s calculated using the
increase term and the reduction term. This makes 1t possible
to approprately acquire variations (increase and decrease) in
the degree of non-uniformity 1n the salt concentration, which
1s considered to be a factor of high-rate deterioration.

Evaluation value calculation unit 56 calculates an evalu-
ation value 2D that indicates the degree of high-rate dete-
rioration of battery 16. The progress state ol high-rate
deterioration 1s evaluated using an integrated value of dam-
age quantities D calculated by damage quantity calculation
unit 54. Fvaluation value 2D 1s calculated based on, for
example, Expression (2) indicated below.

2DN)=yx2D(N=1)xnxD(N) (2)

In Expression (2), ZD(N) denotes a present calculation
value of the evaluation value, and XD(IN-1) denotes an
immediately preceding calculation value of the evaluation
value that 1s calculated cycle At before the present calcula-
tion. v 1s an attenuation coeflicient, and m 1s a correction
coellicient. 2D(N-1) 1s stored 1n storage unit 58 at the time
of immediately preceding calculation, and read from storage
unit 58 at the time of present calculation. Attenuation
coellicient v and correction coeflicient 1 are stored 1n
advance 1n storage unit 58, and read from storage unit 58 at
the time of present calculation.

Attenuation coetlicient v 1s set to a value less than one.
Attenuation coeflicient vy 1s set 1n this way 1n view of the fact
that immediately preceding evaluation value 2D(IN-1) 1s
decreased at the time of calculation of present evaluation
value 2D(N) because the degree of non-uniformity in the
salt concentration 1s reduced by the diffusion of 10ns with the
lapse of time. Correction coeflicient 11 1s set as appropriate.

When battery 16 1s used so as to be charged excessively,
evaluation value 2D calculated in the above-described man-
ner increases 1n the negative direction (negative value) with
an increase 1n the degree of non-uniformity in the salt
concentration due to excessive charging. When battery 16 1s
used so as to be discharged excessively, evaluation value 2D
increases in the positive direction (positive value) with an
increase 1n the degree ol non-uniformity in the salt concen-
tration due to excessive discharging.

Determination unit 60 determines whether or not evalu-
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unit 56 reaches threshold value SDth (FIG. 4). As described
above, the high-rate deterioration has the property of being
accelerated particularly when the electric current 1n the
charging direction tlows 1n the low-SOC range. Specifically,
determination unit 60 determines whether or not evaluation
value 2D increases in the negative direction and falls below
threshold value SDth (negative value).

Mode control unit 64 controls switching among the EV
mode, the I-IV mode and the HVS mode. Specifically, when

external charging ends, mode control unit 64 selects the EV
mode. When the SOC decreases to lower limit SL as a result
of travelling 1n the EV mode, mode control unit 64 switches
the control mode from the EV mode to the HV mode. In
addition, mode control unit 64 selects the HVS mode 1n
accordance with the user’s request. When the above-de-

scribed request 1s made during the EV mode, the SOC 1s
maintaimned at the value at this time. When the above-
described request 1s made during the HV mode, the SOC
may be maintained at a value higher than lower limit SL by
a prescribed amount, or switching to the HVS mode may be
made 1mpossible, for example.

SOC control unit 62 receives the mode selection 1nfor-
mation from mode control unit 64, and also receives the
result of determination made by determination unit 60 from
determination unit 60. When the HV mode 1s currently
selected and when 1t 1s determined 1n determination unit 60

that evaluation value 2D reaches threshold value SDth, SOC

control unit 62 raises the control target of the SOC from
lower limit SL to value SC2 (SC2>SL) (high-rate deterio-
ration nhibiting control).

Travelling control unit 66 calculates the vehicle drnive
power (requested value) based on the vehicle speed and the
accelerator position. Travelling control unit 66 receives the
mode selection information from mode control unit 64, and
turther calculates the requested charging power of battery 16
based on the SOC (FIG. 3) when the HV mode or the HVS
mode 1s currently selected, and calculates the vehicle power
that corresponds to the sum of the vehicle drive power and
the requested charging power. When the EV mode 1s cur-
rently selected, travelling control unit 66 uses the vehicle
drive power as the vehicle power.

When the vehicle power 1s lower than the engine startup
threshold value, travelling control unit 66 controls vehicle
drive apparatus 22 to perform the EV travelling. On the other
hand, when the vehicle power 1s equal to or higher than the
engine startup threshold value, travelling control unit 66
controls vehicle drive apparatus 22 to operate engine 2 and
perform the HV travelling. In this case, when the output
from engine 2 1s higher than the vehicle power, battery 16 1s
charged with the electric power, whereas when the vehicle
power 1s higher than the output from engine 2, the electric
power 1s discharged from battery 16.

When brakes are applied to hybrid vehicle 100 or when
hybrid vehicle 100 travels on a downhill slope, travelling
control unit 66 controls vehicle drive apparatus 22 (motor
generator 10 and electric power converter 20) such that
motor generator 10 generates electric power and generates
braking power.

SOC control unit 62 obtains the situation of electric power
generation by vehicle dnive apparatus 22 from travelling
control unit 66. When electric power generation by vehicle
drive apparatus 22 continues for a prescribed time period,
SOC control unit 62 ends the high-rate deterioration inhib-
iting control 1f the high-rate deterioration inhibiting control
1s 1n execution. For example, when regenerative power
generation by motor generator 10 continues for a prescribed
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time period due to continuous travelling on a downhill slope,
the high-rate deterioration mhibiting control 1s ended.
When travelling on a downhill slope continues, the user
expects that a suflicient amount of electric power 1s recov-
ered and a suflicient EV ftravelling distance 1s ensured.
However, 1 the high-rate deterioration inhibiting control 1s
in execution (continued), the control target of the SOC 1s
high, and thus, the EV ftravelling distance can become
shorter, and the user can have an uncomiortable feeling
about display of the remaining amount of the SOC as
described above. Accordingly, in the present embodiment,
when electric power generation by vehicle drive apparatus
22 (mainly, regenerative power generation by motor gen-
crator 10) continues for the prescribed time period, the

high-rate deterioration inhibiting control 1s ended, and thus,
the EV travelling distance after the lapse of the prescribed
time period 1s ensured.

When a prescribed charging execution condition 1s satis-
fied during connection of the external power source to
connection device 30, external charging control unit 68
executes external charging. Specifically, external charging
control unit 68 controls charger 28 such that charger 28
converts the electric power supplied from the external power
source electrically connected to connection device 30 into
clectric power having a voltage level of battery 16 and
outputs the electric power to battery 16.

When SOC control unit 62 receives, from external charg-
ing control unit 68, a notification that external charging has
been executed, SOC control unit 62 ends the high-rate
deterioration inhibiting control 1f the high-rate deterioration
inhibiting control 1s 1n execution. Similarly to after continu-
ous travelling on a downhill slope, the user expects that a
suflicient EV travelling distance 1s ensured after external
charging. Accordingly, in the present embodiment, when
external charging 1s executed, the high-rate deterioration
inhibiting control 1s ended, and thus, the EV travelling
distance after external charging i1s ensured.

FI1G. 6 1s a flowchart illustrating an example of the process
procedure of the high-rate deterioration inhibiting control
executed by ECU 26. The process 1llustrated 1in the flowchart
1s 1nvoked from a main routine and executed in prescribed
cycle At.

Referring to FIG. 6, ECU 26 detects electric current I that
1s mput into battery 16 or that 1s output from battery 16,
using current sensor 24 (step S10). Next, ECU 26 calculates
the SOC of battery 16 (step S20). Note that the SOC may be
calculated by various known methods.

Subsequently, ECU 26 calculates damage quantity D of
battery 16 based on electric current I detected 1n step S10
and the SOC calculated 1n step S20, by using Expression (1)
described above (step S30). Then, ECU 26 calculates evalu-
ation value 2D indicating the degree of high-rate deteriora-
tion of battery 16 based on damage quantity D calculated in
step S30, by using Expression (2) described above (step
S40).

Next, ECU 26 determines which control mode of the EV
mode, the HV mode and the HVS mode 1s currently selected
(step S50). When it 1s determined that the HV mode 1s
currently selected (“HV™ 1n step S350), ECU 26 determines
whether or not evaluation value 2D 1s smaller than threshold
value SDth (negative value) (step S60).

When 1t 1s determined that evaluation value 2D 1s smaller
than the threshold value (YES 1n step S60), ECU 26 turns on
a control execution flag indicating execution of the high-rate
deterioration inhibiting control (step S70), and raises the
control target of the SOC from lower limit SL to value SC2
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(FIG. 2) (step S80). As a result, the SOC increases from
lower limit SL and the high-rate deterioration 1s inhibited.

When 1t 1s determined 1n step S60 that evaluation value
2D 1s equal to or greater than threshold value SDth (evalu-
ation value 2D does not reach threshold value SDth) (NO 1n
step S60), the process returns without executing steps S70
and S80.

When 1t 1s determined 1n step S50 that the EV mode or the
HVS mode 1s currently selected (“EV, HVS” 1n step S50),
ECU 26 turns ofl the control execution flag (step S90). That
1s, when the EV mode or the HVS mode is currently
selected, the high-rate deterioration inhibiting control 1s not
executed.

FIG. 7 1s a flowchart 1llustrating an example of determi-
nation as to whether or not to end the high-rate deterioration
inhibiting control. The process illustrated 1n the flowchart 1s
invoked from a main routine and executed in prescribed
cycle At.

Retferring to FIG. 7, E

ECU 26 determines whether or not
the control execution flag indicating execution of the high-
rate deterioration mhlbltmg control 1s on (step S110). When
the control execution flag 1s already off (NO 1n step S110),
the high-rate deterioration inhibiting control 1s not 1n execu-
tion, and thus, the process returns.

When 1t 1s determined in step S110 that the control
execution flag 1s on (YES 1n step S110), ECU 26 determines
whether or not external charging has been executed (step
S120). For example, when a connection device (such as a
connector) on the external power source side 1s detached
from connection device 30 (FIG. 1), 1t 1s determined that
external charging has been executed.

When 1t 1s determined that external charging has been
executed (YES 1n step S120), ECU 26 turns ofl the control
execution flag (step S150). As a result, the high-rate dete-
rioration inhibiting control 1s ended. Therefore, the target of
the SOC returns from value SC2 (FIG. 2) to normal lower
limit SL.

When it 1s determined 1n step S120 that external charging
1s not executed (NO 1n step S120), ECU 26 determines
whether or not electric power generation by vehicle drive
apparatus 22 has continued for the prescribed time period
(step S130). For example, when regenerative power genera-
tion by motor generator 10 continues for the prescribed time
period due to continuous travelling on a downhill slope, 1t 1s
determined that electric power generation has continued for
the prescribed time period. The determination 1n step S120
that external charging 1s not executed includes the case in
which external charging i1s not started.

When 1t 1s determined 1n step S130 that electric power
generation by vehicle drive apparatus 22 has continued for
the prescribed time period (YES 1n step Sl30) ECU 26
moves the process to step S150 and turns ofl the control
execution flag. That 1s, similarly, when electric power gen-
cration by vehicle drive apparatus 22 continues for the
prescribed time period, the high-rate deterioration inhibiting
control 1s ended and the target of the SOC returns to lower
limit SL.

When 1t 1s determined 1n step S130 that electric power
generation by vehicle drive apparatus 22 does not continue
for the prescribed time period (NO 1n step S130), ECU 26
determines whether or not the SOC 1s higher than a pre-
scribed value (step S140). The prescribed value 1s set to a
level at which recovery of the high-rate deterioration can be
expected as a result of continuous discharging 1n the sub-
sequent EV mode, even when the high-rate deterioration
inhibiting control 1s ended.




US 11,535,121 B2

15

When 1t 1s determined 1n step S140 that the SOC 1s higher
than the prescribed value (YES 1n step S140), ECU 26
moves the process to step S150 and turns ofl the control
execution flag. That 1s, the high-rate deterioration inhibiting
control 1s ended and the target of the SOC returns to lower
limit SL. Assumed as such a case 1s, for example, a case 1n
which electric power generation by vehicle drive apparatus
22 15 executed during the high-rate deterioration inhibiting
control and the SOC recovers to a high level, although the
clectric power generation does not continue for the pre-
scribed time period.

As described above, 1n the present embodiment, when the
HV mode 1s currently selected and when battery 16 1is
evaluated as deteriorating based on evaluation value 2D of
the high-rate deterioration, the high-rate deterioration inhib-
iting control for increasing the SOC by making the control
target of the SOC higher than the lower limit of the SOC 1s
executed. This makes 1t possible to inhibit acceleration of
the high-rate deterioration due to the SOC controlled to the
lower limit.

When the EV mode 1s currently selected, the high-rate
deterioration inhibiting control i1s not executed even 1f
evaluation value 2D reaches the threshold value. As a result,
the EV travelling is possible until the SOC reaches the lower
limit, and thus, the EV travelling distance can be ensured.

In addition, 1n the present embodiment, when the HVS
mode 1s currently selected, the high-rate deterioration inhib-
iting control 1s not executed. This makes it possible to inhibit
progress of the high-rate deterioration and ensure the EV
travelling distance.

In addition, 1mn the present embodiment, when external
charging 1s executed or when electric power generation by
vehicle drive apparatus 22 continues for the prescribed time
period, the high-rate deterioration inhibiting control 1s
ended. This makes it possible to ensure the EV travelling
distance after external charging or after continuous travel-
ling on a downhill slope and 1nhibit the user’s uncomiortable
teeling about display of the remaiming amount of the SOC.

In the above-described embodiment, charger 28 config-
ured to convert the electric power supplied from the external
power source 1mto electric power having a voltage level of
battery 16 1s provided. However, such charger 28 does not
need to be provided and battery 16 may be directly (without
power conversion) charged using a DC external power
source.

In addition, 1n the above-described embodiment, when the
HVS mode 1s currently selected, the high-rate deterioration
inhibiting control 1s not executed. However, a condition for
the SOC may be included. For example, the high-rate
deterioration inhibiting control may be ended if the SOC 1s
higher than a prescribed value when the HVS mode 1s
currently selected, and the high-rate deterioration inhibiting
control may be continued 11 the SOC 1s equal to or lower
than the prescribed value when the HVS mode 1s currently
selected.

While the embodiment of the present disclosure has been
described above, 1t should be understood that the embodi-
ment disclosed herein 1s illustrative and non-restrictive in
every respect. The scope of the present disclosure 1s defined
by the terms of the claims and 1s mtended to include any
modifications within the scope and meaning equivalent to
the terms of the claims.

What 1s claimed 1s:

1. An electric powered vehicle comprising:

a vehicle drive apparatus configured to generate vehicle

drive power by receiving electric power and to generate
clectric power;
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a secondary battery configured to exchange electric power

with the vehicle drive apparatus; and

a controller configured to switch a control mode to an HV

mode when an SOC of the secondary battery decreases

to a lower limit during an EV mode, the HV mode

being a mode 1 which the SOC i1s controlled to the

lower limit, the EV mode being a mode 1n which the

SOC 1s consumed,

the controller being further configured:

to calculate an evaluation value indicating a degree of
deterioration of the secondary battery due to non-
uniformity in salt concentration in the secondary
battery;

to execute deterioration inhibiting control when the HV
mode 1s selected and when the secondary battery 1s
evaluated as deteriorating based on the evaluation
value, the deterioration inhibiting control being con-
trol for increasing the SOC by making a control
target of the SOC higher than the lower limit; and

not to switch, when the EV mode 1s selected, the
control mode to the HV mode until the SOC
decreases to the lower limit even when the secondary
battery 1s evaluated as deteriorating based on the
evaluation value.

2. The electric powered vehicle according to claim 1,
wherein

the controller 1s further configured:

to switch the control mode to an HVS mode 1n which the

SOC 1s maintained higher than the lower limit in
accordance with a user’s request; and

not to switch, when the HVS mode 1s selected, the control

mode to the HV mode until the SOC decreases to the
lower limit even when the secondary battery i1s evalu-
ated as deteriorating based on the evaluation value.

3. The electric powered vehicle according to claim 1,
further comprising

a charging device configured to charge the secondary

battery by a power source external to the vehicle,
wherein when charging of the secondary battery using
the charging device 1s executed, the controller 1s con-
figured to end the deterioration inhibiting control if the
deterioration inhibiting control 1s 1n execution.

4. The electric powered vehicle according to claim 1,
wherein when electric power generation by the vehicle drive
apparatus continues for a prescribed time period, the con-
troller 1s configured to end the deterioration inhibiting
control 11 the deterioration inhibiting control 1s 1n execution.

5. A control method for an electric powered vehicle, the
clectric powered vehicle comprising: a vehicle drive appa-
ratus configured to generate vehicle drive power by receiv-
ing electric power and to generate electric power; and a
secondary battery configured to exchange electric power
with the vehicle drive apparatus, the electric powered
vehicle being configured to switch a control mode to an HV
mode when an SOC of the secondary battery decreases to a
lower limit during an EV mode, the HV mode being a mode
in which the SOC 1s controlled to the lower limit, the EV
mode being a mode in which the SOC i1s consumed, the
control method comprising;

calculating an evaluation value indicating a degree of

deterioration of the secondary battery due to non-
uniformity in salt concentration i1n the secondary bat-
tery; and

executing deterioration nhibiting control when the HV

mode 1s selected and when the secondary battery 1s
evaluated as deteriorating based on the evaluation
value, the deterioration inhibiting control being control
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for mncreasing the SOC by making a control target of
the SOC higher than the lower limut,

the control mode being not switched, when the EV mode
1s selected, to the HV mode until the SOC decreases to
the lower limit even when the secondary battery 1s 5
cvaluated as deteriorating based on the evaluation

value.
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